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Abstract. This paper conducted a parametric modeling for air knife structure in a printing factory, 
used HYPERMESH software to divide the meshes of air model and combined with actual 
conditions to define various boundary conditions in the inner flow field of air knife. Meanwhile, 
this paper adopted fluid dynamics software Fluent to conduct numerical simulation for the internal 
airflow of air knife, obtained the distribution regulation of flow field, conducted a parametric 
modeling for air knife structure under many internal structural proposals through ANSYS design 
module based on the simulation computational result, conducted optimization design for the 
position of guide plates, the number of outlets and the size of return air tank in the detailed 
structure in the air knife in order to determine specific dimension parameters and optimal 
proposals. Based on the computational results of simulation, this paper found that the original air 
knife structure had a non-uniform flow field and low velocity at the inlet and outlets. With the 
increase of length of air knife, the velocity of the middle outlet reduced to zero and did not have 
obvious effects any more. Guide plates in the air knife had a great influence on the inner flow field 
of air knife. Through optimization design, the inner flow field of air knife became uniform when 
there was only one guide plate. When the guide plate was close to the front end of the air knife, 
the inner flow field of air knife was relatively uniform and velocity at the inlet and outlets was 
relatively high. This paper conducted a model design for air knives with different structural types 
and determined proposal 4 as the optimal design through repeated analysis. The design method in 
this paper could provide guidance for studying and designing air knife structures in the aspect of 
technological approach and theory.  
Keywords: air knife, optimization design of structure, guide plate, flow field. 
1. Introduction 
At present, air knives are an important equipment used for the deep and fine processing of 
products [1]. Air knives are widely applied in a variety of industries including automobiles, 
electrons, chemistry, metal processing, packaging, paper printing and so on. Featured with low 
cost, uniform airflow, simple structure, easy installation, effective reduction of energy loss and so 
on, air knives are favored by many people [2]. 
Air knives are mainly used for a variety of surface engineering fields, drying, preheating, 
coating and other processes [3-5]. The main structure of air knives is usually made of aluminum 
alloy or stainless steel. Air knives blow pure compressed air into the cavity through a fan. Through 
the rectification effect of air knives, a strong air curtain will appear at the outlet. Air knives can 
be used for the surface cleaning, drying and air cooling of equipment or products, such as glass 
panels, electronic circuit boards and high-grade metal plates. With the development of science and 
technology, air knives are applied in more high-end fields, like production, research and 
development, spraying and coating of optical lenses and preheating and temperature control of 
sheet products [6-10]. 
There are various kinds of air knives. According to different application fields, air knives are 
again divided into different types, such as strong-wind air knives, bending-type air knives and 
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circular-type hot air knives. However, their processes have common points. In short, air knives 
blow pure compressed air into the cavity through a fan. Air usually experiences rectification, 
filtration and other processes in the air knife, flows out from a long rectangular outlet and forms 
a strong air curtain at the outlet. However, air knives are difficult to control in the process of actual 
use. Air only has a single inlet. Unstable high pressure airflow in the cavity of air knife leads to 
unstable airflow at the outlet. In particular, changes in inlet boundary conditions like flux and 
position will have an impact on the flow field distribution and stability of airflow at the outlet side 
to a certain degree. To ensure uniform and stable airflow and air pressure at the outlet of air knife, 
it is usually necessary to add guide plate structure in the air knife. 
A number of researchers have adopted finite element simulation software to study the flow 
field distribution in the air knife to further ensure the accuracy and stability of the air knife [10]. 
Gosset [11] analyzed the influence of nozzle shape of air knife on its flow field and simulated 
flow field in the cavity of air knife, but they failed to design the outlet. Ahn [12] studied the 
influence of internal guide plates on the flow field of air knife and conducted a simulation analysis 
on the two-dimensional flow field of air knife which was greatly different from the inner flow 
field distribution of actual three-dimensional air knife structure. Farkas [6] analyzed the flow field 
of air knife of glass washers, and he thought that Dumur air knife adopted a rectangular  
cross-section and produced a large airflow vortex, which hindered airflow and thus resulted in 
energy loss and the vibration of air knife. However, their conclusions were obtained based on the 
computation of two-dimensional models. They did not conduct an analysis on three-dimensional 
flow fields. Liu [7] used finite element software to conduct a numerical simulation studies and 
experiments on the inner flow field of air knife of glass washers and pointed out that maximum 
wind velocity decreased when the outlet width of air knife increased. However, he only computed 
two-dimensional flow fields and failed to conduct an analysis on three-dimensional models. Choi 
[13] preliminarily discussed a variety of air knifes, applied the basic theory of fluid dynamics to 
analyze air knife structure and pointed out that effective air filtration at the inlet of high pressure 
fans brought a lot of benefits to the processing quality of air knife. Albanesi [14] adopted the 
inverse analysis and designed the air knife structure of composite materials. However, he did not 
further optimize air knife structure. Therefore, such kind of air knife structures could not be 
applied to actual factories. Wang [15] conducted local optimization design for air knife structure 
using finite element method and genetic algorithm. However, optimization design was only 
conducted for the internal guide plates of air knife and optimization design was not conducted for 
other structures of air knife. Lee [16] conducted a simulation and comparative analysis on the flow 
field of air knife structures with different materials. However, optimization design for the  
structure, size and shape of air knife was not involved. 
The stability of flow field in the air knife, air flux and the uniformity of wind velocity at the 
outlet of air knife are several important indicators for measuring the quality of air knife [17, 18]. 
However, people still need to further conduct studies on the principle of air knives. The flow field 
distribution in the cavity of air knives is not still clear. There are not sufficient studies on the flow 
and temperature distribution of air. The structure of rectifier tank in the air knife has to depend on 
production experience and experiments. Few studies have been conducted on the aerodynamic of 
air knife structure. At the outlet of air knife, airflow direction and velocity are not very uniform. 
Airflow velocity is too high in the middle of air knife and too low at sides. There are large 
differences between maximum velocity and minimum velocity, which affects the surface quality 
of fine processing products. In addition, airflow may also lead to the vibration of the air knife after 
flowing through air knife at high speed, which further affects the uniformity and stability of flow 
field [19-21]. 
For solving the mentioned problems, this paper conducted a parametric modeling for air knife 
and air model in a printing factory, used HYPERMESH software to divide the meshes of air model 
and combined with actual conditions to define various boundary conditions in the inner flow field 
of air knife. In addition, this paper adopted Fluent to conduct numerical simulation for the internal 
airflow of air knife, obtained the distribution regulation of flow field, and conducted optimization 
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design for guide plates, return air tank and size in the air knife based on the computational result 
in order to effectively reduce the problem of non-uniform airflow at the outlet of air knife. 
2. Computation and design theory of flow field of air knife 
2.1. Computation theory of flow field of air knife 
Fluid motion follows the law of mass conservation, momentum conservation and energy 
conservation. Firstly, fluid satisfied the requirements of mass conservation in the process of 








߲ݖ = 0, (1)
wherein, ݑ௫ , ݑ௬ , ݑ௭  represented velocity components in the ܺ , ܻ  and ܼ  direction of space 
coordinate. ݐ was time variable. ߩ was fluid density. 
In the process of flowing, fluid still needed to satisfy momentum equation. Momentum 
equations in various directions were expressed as: 
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wherein, ݂ stood for the mass force of fluid. ௫݂, ௬݂ and ௭݂ represented mass forces respectively in 
three directions. ݌ was pressure at the spatial point of fluid. ߬ was viscous stress under the viscous 
effect of fluid molecules. Fluid needed to satisfy the equation of total energy conservation in the 
process of flowing: 
߲ሺߩܧሻ
߲ݐ + ∇ሺߩܧ + ݌ሻ = ∇ ቌ݇௘௙௙∇ܶ − ෍ ℎ௝ܬ௝ + ߬௘௙௙௝
ቍ + ܵ௛, (3)
wherein, ℎ௝  was the enthalpy of component ݆ . ݇௘௙௙  was an effective coefficient of thermal 
conductivity. ܬ௝ was the diffusive flux of component ݆. ܵ௛ was a volume heat source item. ܧ was 
the total energy of fluid and the sum of internal energy, kinetic energy and potential energy. 
Pressure in the cavity of air knife structure has an influence on the acceleration and velocity 
of air. Therefore, it is necessary to ensure the uniform and stable distribution of pressure at the 
outlet in order to guarantee the uniform distribution of flux at the outlet. This paper adopted the 
Fluent to conduct simulation solution for the flow field of air knife. As a general CFD solver based 
on finite element volume method, the software Fluent can solve the flow field problem of 
incompressible or compressible fluid and obtain high accuracy. For general air knife structures, 
airflow in the working cavity of air knife is in a turbulent state. Therefore, ݇-ߝ turbulence model 
and STARDAND solver were selected from Fluent to solve the inner flow field distribution of air 
knife. 
2.2. Optimization design theory of air knife 
This paper adopted ANSYS to conduct an optimization design for air knife structure. ANSYS 
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optimization design contained Design Modeler module, Design Space module and Design Xplorer 
module. Detailed process was as follow: 
1. A geometric model was built firstly, and it was then imported into Design Modeler. An 
analysis was conducted through Design Space and then optimization design was conducted using 
Design Xplorer. 
2. The optimal combination satisfying design conditions in Design Xplorer was generated. 
Monte Carlo method was usually adopted to extract design parameters and analysis samples 
according to the target to be solved, and further an analysis was conducted to obtain all response 
surfaces of design space. 
3. The data after optimization design was passed back to Design Modeler, repeated analysis 
and the process were conducted for many times. 
4. The best result conforming to the target to be solved and optimized in the end was obtained 
through the optimization algorithm of software. 
The optimization design module of ANSYS could greatly reduce design time; improve the 
accuracy and efficiency of design products and save design cost. As a result, the air knife structure 
in this paper adopted ANSYS to conduct an optimization design. The flow diagram of 
optimization design was shown in Fig. 1. 
 
Fig. 1. Flow diagram of the optimization design 
3. Finite element model of air knife 
3.1. Geometric model of air knife 
Fig. 2 showed the original air knife model studied in this paper. The air knife model in this 
paper is usually used for the drying of papers on the printing factories. The air knife was 1000 mm 
long. There was a velocity inlet with a diameter of 97 mm in the front of the air knife; there was 
a velocity outlet with a diameter of 96 mm in the rear of the air knife. There was a return air inlet 
at left and right sides of the structure. The backlash of the return air inlet was 7 mm wide. There 
were three air outlets which were 3 mm wide at the bottom of the structure. There were two vertical 
guide plates whose size was 100 mm×50 mm in the front and rear in the air knife. 
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Fig. 2. The geometric model of air knife 
3.2. Mesh division of air knife 
The key analysis of air knife focused on the air model of inner space. HYPERMESH software 
was adopted to divide the meshes of the model, as shown in Fig. 3. As meshes at both ends of the 
air knife might generate vortexes, meshes at ends, inlet and outlet of the air knife were divided 
finely to obtain more accurate results. In addition, hexahedral meshes were adopted to divide the 
model in order to ensure computational accuracy and save computational resources. There are 
360056 elements and 390788 nodes. The material of the air knife is steel, so the Elastic Modulus 
is 2.1e11 Pa, density is 7800 kg/m3, and Poisson’s ratio is 0.3. 
 
Fig. 3. Mesh model of air knife 
3.3. Boundary conditions and computational parameters 
Airflow was in a turbulent state in the air knife. Therefore, ݇-ߝ turbulence model was required. 
The inlet velocity of the model was 30 m/s. Outlet boundary was set as Outflow. The wall adopted 
no-slip wall boundary. The air knife selected air as its fluid medium. The material properties of 
air were shown in Table 1. 
Table 1. Parameters of air as a medium 
Material Density (kg/m3) Viscosity coefficient (kg/m·s) Temperature (°C) 
Air 1.225 1.5E-5 20 
4. Computational result and analysis of the original air knife model 
Fluent solver was adopted to solve the air knife model to obtain its three-dimensional trace 
and the simulation result of two-dimensional trace in the center symmetry plane, as shown in  
Fig. 4. 
As shown in Fig. 4, air entered from the inlet and flew out from the outlet and return air inlet 
through two guide plates in the lower cavity. It could be seen from the figure that air generated an 
effective vortex behind the first guide plate after flowing through the guide plate. Air velocity 
dramatically decreased. Air continued to flow. After flowing through the second guide plate, air 
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did not generate a vortex behind the guide plate due to the decrease of air velocity. Most of air 
flew out from the return air inlet stably. Only a small part of air flew into the upper cavity of the 
air knife from the gap between upper and lower cavities. Due to the high pressure area at the front 
end of the inlet, a part of air flew out from the return air inlet and a part of flew into the upper 
cavity from the gap between upper and lower cavities after air flew through the first guide plate. 
Finally, air flew out from the outlet. 
 
a) Three-dimensional trace 
 
b) Two-dimensional trace 
 
c) Contours of flow velocity 
Fig. 4. The inner flow field of the original air knife model 
Fig. 5 showed three-dimensional and two-dimensional distribution of velocity at outlet 1 and 
3 respectively. Though the model was symmetrical, outlet 1 was not exactly the same with outlet 
3 in the velocity distribution. Due to the influence of boundary layers on both sides, velocity 
distribution close to the boundary layer was basically zero. Fig. 5(a) presented the velocity 
distribution of air with different widths. Fig. 5(b) showed the velocity distribution which was 
mapped and transformed from Fig. 5(a) in the two-dimensional plane in order to express the 
distribution situation of air with the different length (The three-dimensional and two-dimensional 
distribution of velocity at the outlet would appear many times later, which had the same purpose). 
Along the direction of length, it could be seen that velocity peak was at the position which was 
210 mm away from the inlet. The peak velocity was about 35 m/s. After that, velocity started to 
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decrease and basically maintained in the scope of 5 m/s to 7 m/s. The reason for this phenomenon 
was as follows: With the increase of length in the cavity of air knife, backlash increased gradually 
and pressure loss also increased gradually. In addition, pressure provided at the inlet could not 
have an impact on the tail end of the cavity due to the long length of air knife. In this case, velocity 
peak was at the front end of the cavity and velocity at the tail end of the cavity decreased and 
maintained a certain scope. 
 
a) Three-dimensional distribution 
 
b) Two-dimensional distribution 
Fig. 5. Velocity distribution of outlet 1 and 3 
Fig. 6 presented the three-dimensional and two-dimensional distribution of velocity at outlet 2. 
Along the direction of length, velocity was high at the inlet and the peak velocity was 100 m/s. 
After that, velocity started to decrease and reduced to about 5 m/s at the position which was  
210 mm away from the side of the inlet. Then, velocity fluctuated on a small scale around the 
value. The reason for this phenomenon was as follows: Outlet 2 was in the middle of cavity of air 
knife. There were not return air inlets on both sides. In this case, effective pressure difference was 
not generated at outlet 2, which led to the velocity flow of air. In addition, pressure provided by 
the inlet end could not have an impact on the tail end of outlet 2 due to the long length of air knife. 
Therefore, air entering from the inlet end flew out from outlet 2. In addition, velocity was high, 
but velocity at the tail end was low. The return air ratio of the original model was 0.33. 
 
a) Three-dimensional distribution 
 
b) Two-dimensional distribution 
Fig. 6. Velocity distribution of outlet 2 
5. Optimization design and analysis of air knife model 
From the simulation result of the original air knife model, it could be seen that outlet velocity 
was not uniform. Wind velocity in high pressure area was obviously greater than that in other 
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areas. The highest wind velocity was 35 m/s. The lowest wind velocity was 7 m/s. Wind velocity 
presented a large error. Therefore, the air knife model was far less than the design requirements 
of production and still remained to be further optimized. 
5.1. Optimization proposal 1 of air knife 
The result of the original model was analyzed. Optimization design module in ANSYS was 
used for optimization. Optimization process was shown in Fig. 1. The following changes were 
made to the optimized model: Guide plates were changed into rounded form from vertical plates. 
The number of guide plates decreased from two to one. The middle part of the guide plate was 
grooved. Specific size and form were shown in Fig. 7. 
 
a) Three-dimensional model 
 
b) The related size of the internal structure 
Fig. 7. Geometric model and size of the optimized air knife model 
The optimized structure used Fluent for solution. Boundary conditions were the same with 
those of the original air knife model. The three-dimensional trace and two-dimensional trace in 
the center symmetry plane were obtained, as shown in Fig. 8. Air entered from the air inlet. Due 
to the high pressure area at the inlet, a part of air flew out from the return air inlet and a part of air 
flew into the upper cavity from the gap between upper and lower cavities. Air continued to flow. 
Without the obstruction of the guide plate at the front end of the lower cavity, air flowed smoothly 
and airflow velocity was high in the second half of the cavity. After flowing through the guide 
plate, a part of air flew out from the return air inlet and a part of air flew into the upper cavity due 
to the guidance of the guide plate. 
Fig. 9 presented the three-dimensional and two-dimensional distribution of velocity at outlet 
1 and 3. As shown in the figure, the change trend of velocity was basically the same with that 
before optimization along the length of air knife. However, the peak velocity at the front end 
decreased to some degree. Velocity was 32.5 m/s. Velocity distribution at the tail end was uniform. 
In addition, velocity increased compared with that before optimization and reached about 15 m/s. 
Fig. 10 presented the three-dimensional and two-dimensional distribution diagrams of velocity at 
outlet 2. As shown in the figure, the distribution trend of velocity was the same with that before 
optimization, but velocity at the tail end was basically the same and maintained about 10 m/s. 
With a length of 1000 mm, the optimized air knife had return air ratio 0.33. 
Through computation, it could be seen that return air ratios remained the same before and after 
optimization. From the perspective of velocity distribution at the return air inlet, however, velocity 
consistency of air knife at the return air inlet after optimization was obviously better than that of 
the original model before optimization. 
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a) Three-dimensional trace 
 
b) Two-dimensional trace 
  
c) Contours of flow velocity 
Fig. 8. The inner flow field of the optimized air knife model 
 
a) Three-dimensional distribution 
 
b) Two-dimensional distribution 
Fig. 9. Velocity distribution of outlet 1 and 3 
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a) Three-dimensional distribution 
 
b) Two-dimensional distribution 
Fig. 10. Velocity distribution of outlet 2 
5.2. Optimization proposal 2 of air knife 
To adapt to changes in the width of printing machine, the air knife was optimized based on 
proposal 1. The length of air knife was mainly improved. The improved air knife was about  
1270 mm, as shown in Fig. 11. The velocity of the optimized structure was obtained, as shown in 
Fig. 12. 
 
a) Improved geometric model 
 
b) Three-dimensional trace 
Fig. 11. Improved model and three-dimensional trace of air knife 
Fig. 12(a) presented the velocity distribution of outlet 1 and 3. Fig. 12(b) showed the velocity 
distribution of outlet 2. As shown in Fig. 11(b) and Fig. 12(a), the situation of velocity distribution 
was basically the same with that as the mentioned. Velocity peak was in the first half of the air 
knife and basically remained constant in the second half of the air knife. As shown in Fig. 12(b), 
it could also be seen that the velocity distribution of outlet 2 was basically the same with that of 
the mentioned model. However, pressure at the inlet could not form effective pressure difference 
at the second half of the outlet due to the increase of length of air knife. Therefore, velocity in the 
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second half of outlet 2 was basically zero. 
 
a) Velocity of outlet 1 and 3 
 
b) Velocity of outlet 2 
Fig. 12. Velocity distribution of outlets 
 
Fig. 13. Optimized model 2 of air knife 
 
Fig. 14. Velocity distribution of outlet 1 and 3 
With the increase of length of air knife, the number of air knife outlets was modified, namely 
cancelling the original outlet 2 in the middle of air knife. Fig. 13 showed a proposal diagram for 
the model with a length of 1270 mm and 2 outlets and without guide plates in its cavity. Fig. 14 
displayed the velocity distribution of outlet 1 and 3. The distribution form of velocity was basically 
the same with that as the mentioned. The peak velocity was 37.5 m/s. Velocity in the second half 
of the outlet started to decrease. However, the overall velocity in the second half of the outlet was 
high and basically maintained above 10 m/s. 
5.3. Optimization proposal 3 of air knife 
The optimization proposal 2 of air knife had already obvious consistency in velocity 
distribution at the return air inlet compared with its original model, but it failed to meet the 
requirements of engineering. Therefore, the optimization proposal 3 attempted to change the 
position of guide plates and conduct optimization and simulation for the model through software 
based on the proposal 2. 
Through analyzing the result of model without guide plates in the above cavity and conducting 
simulation computation and analysis, the geometric model and specific size of the optimized 
model were obtained, as shown in Fig. 15. 
The optimized structure was solved using Fluent software to obtain the three-dimensional trace 
and two-dimensional trace in the center symmetry plane, as shown in Fig. 16. Compared with  
Fig. 8, flow field in the first and second half of the cavity had an obvious improvement and was 
very smooth as the guide plate was in the middle half of cavity of air knife. 
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a) Optimized geometric model 
 
b) The related size of the internal structure 
Fig. 15. Geometric model and size of the optimized air knife model 3 
 
a) Three-dimensional trace 
 
b) Two-dimensional trace 
Fig. 16. The inner flow field of the optimized air knife model 3 
Fig. 17 presented the three-dimensional and two-dimensional distribution of velocity at outlet 
1 and 3 of the new air knife structure which was 1270 mm. As shown in the figure, the distribution 
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of velocity was basically the same with that in the cavity without guide plates. The peak velocity 
decreased slightly. Velocity was about 32.5 m/s. Velocity at the second half of the cavity basically 
remained the same. In addition, numerical value was relatively higher than that in Fig. 12. It was 
about 12 m/s. With a length of 1270 mm, the optimized new air knife structure had return  
air ratio 0.41. 
 
a) Three-dimensional distribution 
 
b) Two-dimensional distribution 





Fig. 18. Geometric model and three-dimensional traces of the improved air knife model 4 
5.4. Optimization scheme 4 of air knife 
To adapt to changes in the width of printing machine, the length of air knife was again 
improved. The improved air knife was about 1450 mm, as shown in Fig. 18. The optimized 
structure was solved using Fluent software to obtain the velocity distribution of air knife at the 
outlet, as shown in Fig. 19. 
Fig. 18 presented the model with a length of 1450 mm and 2 outlets and without guide plates 
in the cavity and the distribution of three-dimensional traces. Fig. 19 showed the velocity 
distribution of outlet 1 and 3. The peak velocity was about 26.5 m/s. Velocity amplitude gradually 
decreased along the length of air knife. 
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Fig. 19. Velocity distribution of outlet 1 and 3 
 
a) Optimized geometric model 
 
b) The related size of the internal structure 





Fig. 21. Velocity distribution of outlet 1 and 3 
ANSYS design module was adopted to conduct simulation and optimization design for the 
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optimized model of air knife without guide plates in proposal 4. Through conducting simulation 
computation and analysis many times, the proposal and specific size of optimized model were 
obtained, as shown in Fig. 20. Fig. 21 presented the three-dimensional and two-dimensional 
distribution of velocity at outlet 1 and 3 of the new air knife structure with a length of 1450 mm. 
As shown in the figure, the distribution of velocity was basically the same with that in the cavity 
without guide plates. The peak value increased slightly. It was about 37.5 m/s. Velocity at the 
second half of the cavity basically remained the same and the value maintained 15 m/s. The 
optimization proposal 4 had the return air ratio of air knife 0.41. 
6. Conclusions 
This paper conducted a parametric modeling for air knife structure in a printing factory, used 
HYPERMESH software to divide the meshes of air model and combined with actual conditions 
to define various boundary conditions in the inner flow field of air knife. In addition, this paper 
adopted fluid dynamics software Fluent to conduct numerical simulation for the internal airflow 
of air knife, obtained the distribution of flow field, conducted optimization design for the position 
of guide plates, the number of outlets and the size of return air inlet in the air knife based on the 
computational result, and obtained the following conclusions: 
1) There were two guide plates and three outlets in the original air knife. Flow field was not 
uniform and velocity at outlets was low. With the increase of length of air knife, velocity of the 
middle outlet reduced to zero and showed no obvious effects. Therefore, three outlets of the 
original model were optimized into two outlets in the process of optimization. 
2) Guide plates in the air knife had a great influence on the flow field in the air knife. Through 
optimization design, the inner flow field of air knife became uniform in the case of only one guide 
plate. When the guide plate was close to the front end of the air knife, the inner flow field of air 
knife was relatively uniform and velocity at outlets was relatively high. 
3) Through ANSYS design module, this paper designed the model of air knives with different 
structures. Through repeated analysis, this paper determined proposal 4 as the optimal design 
proposal. At this time, the inner flow field of air knife was relatively uniform and velocity at 
outlets was high. 
4) Four kinds of models of air knife were proposed and compared using the parameter analysis. 
Finally, an optimal structure was obtained in this paper. The design method in this paper could 
provide guidance for studying and designing air knife structures in the aspect of technological 
approach and theory.  
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